will be to discover the personality characteristics which make some doctors particularly vulnerable to desynchronisation of circadian performance rhythm after disruption of sleep. Data from the Tucson epidemiological study of airways obstructive disease on smoking of non-tobacco cigarettes such as marijuana were analysed to determine the effect of such smoking on respiratory symptoms and pulmonary function. Among adults aged under 40, 14% had smoked non-tobacco cigarettes at some time and 90/o were current users. The prevalence of respiratory symptoms was increased in smokers of non-tobacco cigarettes. After tobacco smoking had been controiled for men who smoked non-tobacco cigarettes showed significant decreases in expiratory flow rates at low lung volumes and in the ratio of the forced expiratory volume in one second to the vital capacity. This effect on pulmonary function in male non-tobacco cigarette smokers was greater than the effect of tobacco cigarette smoking.
Introduction
The adverse effects of tobacco cigarette smoking have been shown consistently in population studies. ' The effects of non-tobacco cigarettes have not, however, been examined in a general population. Various illicit drugs are smoked as cigarettes, but by far the most widely used in the United States is marijuana. representative population sample would provide information on the effects of "usual" non-tobacco cigarette smoking.
Subjects participating in the Tucson epidemiological study of airways obstructive disease frequently inquired whether nontobacco cigarette smoking (specifically marijuana) should be included in the responses to the smoking questions. For this reason, questions about non-tobacco cigarette smoking were included in this survey . We report on the results of this survey as a cross sectional study of the effects of non-tobacco cigarettes on respiratory symptoms and pulmonary function.
Methods
The methods of selection for the study population have been described.3 In brief, the population is a random stratified cluster sample ofhouseholds in Tucson, Arizona, enrolled in 1972-3. Details of the study questionnaire and spirometry methods have been reported.34 Questionnaire and spirometric data from the seventh survey (1981-3) were available for analysis on 2251 white non-Mexican-American subjects aged over 14 years. The survey questionnaire contained questions about the duration and intensity of non-tobacco cigarette smoking and the depth of inhalation. The questions referred to "non-tobacco cigarette" smoking because of the illegality of marijuana use.
Values for the forced expiratory volume in one second (FEVy) and the forced vital capacity (FVC) were the best ofat least three attempts. 5 The flow rates at 50% (Vmax50) and 75% (Vmax75) of the expired forced vital capacity were derived from the best sum curve, FEV1+FVC. Values were expressed as percentage of predicted. Predicted values were based on the subject's age, sex, and height using prediction equations derived from asymptomatic, non-diseased, non-smoking subjects in this population. 4 Preliminary analyses showed that there were only two current and six ex-smokers of non-tobacco cigarettes aged over 40 years. Analyses were therefore confined to the 15-40 year age group. There were 990 subjects in this age range with questionnaire and spirometric data. Subjects were grouped according to their tobacco and non-tobacco cigarette smoking habits as current smokers, ex-smokers, and those who had never smoked. In some analyses current and ex-smokers of non-tobacco cigarettes were grouped together and referred to as "ever" smokers of non-tobacco cigarettes.
Data were processed on the DEC-1O/Cyber 175 computer system of the University of Arizona. Statistical techniques included cross tabulation with X2 tests, analysis of variance (ANOVA), and logistic analysis using the statistical package for the social sciences routines.
Results
Ofthe 990 subjects 136 (14%) reported that they had smoked non-tobacco cigarettes regularly at some time in their life (table I). There were 86 (9%) current and 50 (5%) ex-smokers of non-tobacco cigarettes. Those who had ever smoked non-tobacco cigarettes were younger than those who had never smoked them (table 1) , and a higher proportion of those who had ever smoked were men (56%) than of those who had never smoked (48%). The intensity of non-tobacco cigarette smoking ranged from less than one to 23 non-tobacco cigarettes/week (mean 6 7). Non-tobacco cigarette years of smoking (number of non-tobacco cigarettes/week x years of smoking) ranged from 0 5 to 320 (mean 58-2 non-tobacco cigarette years). Men averaged significantly more 'non-tobacco cigarette years than, women (68 v 45, p<005). The depth of inhalation of non-tobacco cigarettes differed significantly from that of tobacco cigarettes (table II) . Sixty nine per cent of nontobacco cigarette smokers inhaled non-tobacco cigarettes deeply and 26% moderately. In contrast, only 23% of tobacco cigarette smokers inhaled tobacco cigarettes deeply and 69% inhaled moderately. There was no significant difference in inhalation between men and women. Those subjects who smoked non-tobacco cigarettes but not tobacco cigarettes were less likely to inhale non-tobacco cigarettes "deeply" than those who smoked both types of cigarette. Subjects who had ever smoked non-tobacco cigarettes regularly were more likely to be current or ex-smokers of tobacco cigarettes (table III) . Although non-tobacco cigarette smokers were more likely to have smoked tobacco cigarettes, the percentage of smokers of both non-tobacco cigarettes and tobacco cigarettes who had stopped smoking tobacco cigarettes (43%) was similar to that of tobacco only smokers who were ex-smokers (41%).
Among those who had ever smoked tobacco cigarettes we analysed the amount of tobacco cigarette smoking in relation to their non-tobacco cigarette smoking. Current and ex-smokers of non-tobacco cigarettes averaged significantly fewer pack years of tobacco cigarette smoking than those who had never smoked non-tobacco cigarettes. The mean values in these 15-40 year olds were 8-7 pack years of tobacco cigarettes for present non-tobacco cigarette smokers, 7-2 pack years for ex-smokers of non- (24) 143 (17) 502 (59) tobacco cigarettes, and 13-0 pack-years for those who had never smoked non-tobacco cigarettes (p<0001).
In current tobacco cigarette smokers we analysed the current intensity of tobacco cigarette smoking (cigarettes/day) in relation to non-tobacco cigarette smoking. There was no significant difference in current intensity of tobacco cigarette smoking among the non-tobacco cigarette smoking groups. Current non-tobacco cigarette smokers averaged 20-3 tobacco cigarettes/day, ex-smokers of non-tobacco cigarettes tobacco cigarettes/day, and those who had never smoked non-tobacco cigarettes 21-2 tobacco cigarettes/day.
The prevalence of respiratory symptoms was related to non-tobacco cigarette smoking. To avoid the confounding effect of tobacco cigarette smoking we analysed data for present tobacco cigarette smokers and those who had never smoked tobacco cigarettes separately. Among both these groups we compared rates of cough, phlegm, wheeze, and attacks of shortness of breath with wheeze for those who had ever and those who had never smoked non-tobacco cigarettes (table IV) . Ex-smokers of tobacco cigarettes were excluded from this analysis and the rates for both sexes were combined because there were no significant or consistent differences between sexes. For all symptoms and in both current tobacco smokers and those who had never smoked tobacco the rates were higher in those who had ever smoked non-tobacco cigarettes than in those who had never smoked non-tobacco cigarettes. The prevalence of phlegm and wheeze were significantly greater in those who had ever smoked non-tobacco cigarettes than in those who had never done so in both tobacco smoking groups. tobacco cigarettes were excluded from these analyses.) For all three spirometric measures those who had never smoked had the best function followed, in order of decreasing function, by current tobacco cigarette smokers, current non-tobacco cigarette smokers, and current smokers of both tobacco and non-tobacco cigarettes. The Vmax75 for current nontobacco cigarette smokers was significandy less than that for those who had never smoked either type of cigarette (p<005). Non-tobacco cigarette smoking alone had a more profound effect than tobacco cigarette smoking alone for all flow indices. Furthermore, the effect of smoking both non-tobacco and tobacco cigarettes appeared to be additive since the group that smoked both non-tobacco and tobacco cigarettes had the lowest function. Table V also shows the percentage of predicted values for the FEVI:FVC ratio for men in the four smoking groups. Each of the three smoking categories showed significant decrements in the FEV1:FVC ratio. Again, the largest effects were seen in smokers of non-tobacco cigarettes alone or of both tobacco and non-tobacco cigarettes.
Discussion
This study shows not only a significant prevalence ofnon-tobacco cigarette smoking but also a striking effect on pulmonry symptoms and function. These findings in a general population sample suggest that non-tobacco cigarette smoking may be an important cause of pulmonary disease.
The survey questionnaire referred to non-tobacco cigarette smoking rather than specifically to marijuana or other illicit drugs, because questions concerning illegal acts might have jeopardised participation in the overall study. Nevertheless, in population studies concerned with illicit drug use, the only regular non-tobacco cigarette smoking ofany important degree was marijuana smoking.2 In fact the prevalence ofmarijuana smoking in the most recent large general population survey is almost identical to the prevalence of non-tobacco cigarette smoking in this study.2 Thus, we believe that "non-tobacco cigarette smoking" in this survey reflects marijuana smoking.
Animal and in vitro studies have shown that marijuana smoke can injure the respiratory tract,&'0 but the results of clinical studies are conflicting."-'9 This discrepancy may be explained by several factors, which include sampling biases and failure to control for the confounding effects of tobacco smoking. The subacute effects of heavy marijuana smoking on pulmonary function have been examined in "healthy" male volunteers by Tashkin et al."I In their prospective study smoking an average of five marijuana cigarettes per day over 47-59 days caused small but significant decreases in several indices of lung function. In subsequent studies from the same laboratory respiratory symptoms and lung function in volunteers who regularly smoked marijuana were compared with those of control subjects.'213 The marijuana smokers had lower values for specific airways conductance and airways resistance, but no other differences were detected.
We found a significant excess of wheeze and sputum production in non-tobacco cigarette smokers of both sexes. We also showed pronounced decreases in expiratory flow rates and FEV1:FVC ratio in male but not female non-tobacco cigarette smokers. The lack of a demonstrable effect of non-tobacco cigarette smoking on pulmonary function in women is not surprising. There are important differences in tobacco cigarette smoking habits between the sexes.20 Tobacco cigarette smoking has a smaller effect on pulmonary function in women than in men, especially in the younger age groups.2' In this study the intensity and duration of non-tobacco cigarette smoking was greater in men, although the depth of inhalation did not differ between the sexes. In men smoking non-tobacco cigarettes had a more profound effect on pulmonary function than tobacco cigarette smoking. Of particular importance was the effect of non-tobacco cigarette smoking on the FEV1:FVC ratio. Decreases in the FEVI:FVC ratio have been shown to precede the development of frank obstructive airways disease."
Thus in a general population sample non-tobacco cigarette smoking has an important effect on respiratory symptoms and pulmonary function. The effect of non-tobacco cigarette smoking on pulmonary function in men was greater than the effect oftobacco cigarette smoking. These results suggest that non-tobacco cigarette smoking may be an important factor in a young adult with respiratory symptoms or evidence of obstructive airways disease.
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